We have determirted velocity vector distribution~ + + . for NO and 02 scattered from helium.. As expected, the small angle scattering is elastic, but at angles greater than 60°, inelasticity whichincrease~ with the scattering angle is apparent. of the simple theories of-vibrational excitation.
EXPERIMENTAL
The apparatus used in this work has been described in detail in an earJ.ier publication. Figure 1 shows an intensity contour map which exemplifies • the data taken for the NO+-He system, and Fig. 2 shows a similar map of the intensit~ of O~ scattered by helium. The quantity Q given in these. maps is the difference between the final and iriitial relative energies of the collision partners.
Thus the locus of elastically scattered ions is given in each map by the large circle labelled Q = O. In both maps it is clear thkt the small angle sca~tering is most intense, and very nearly elastic, as expected. At larger scattering angles, the intensity maxima fall at velocities which correspond to negative Q; that is, to inelastic scattering. As the scattering angle increases, the Q values at the intensity maxima become increasingly negative. These qualitative features r were found in all of the contour maps determined in our work.
The experiment represented in Fig. 2 
Here U' is the reduced mass of the collision pair, b is the impact parameter, E is the total energy, and V(r m ) is the p6tential energy at the turning point.
In making the modified wave number approximation, it is assumed that in the last term 
which is the energy conservation equation for a particle with total energy VCr ) moving in one dimension. Thus the MWNA m consists of reducing the three dimensional prob~em to onedimensional motion in which the total energy or initial relative kinetic ene~gy is equal to the potential energy at the turning point in the three~dimensional problem. Since the excitation energy can be calculated from the -initial kinetic energy, the angular dependence of the inelasticity can be calculated if the scattering angle is known as a function of E and VCr). For simplicity, we select the hard sphere interm _ action for which the potential ene~gy at the turning point can be taken equal to the radial kinetic energy at the instant of impact,E d" This quantity is related to the initial energy ra and the scattering angle 8 by
Thus in o~der to calculate the inelasticity at an angle 8, the radial velocity v d is found from Eq. (9) and used in Eq. (4) ra _ I to compute fiE.
The use of hard-sphere scattering angles in this calculation may seem unrealistic, but iri fact is a fairly good approx5mation for scattering neat 180 0 at high e~ergies.13
In any case, the great simplicity of this procedure makes it worth testing against experimental d~t~.
Latet we shall angles for the exportential potential.
In Fig. 7 we compare the inelasticity calculated by the primitive MWNA, and by the impulse approximation Eq. In Table 1 the results of this refined MWNA are compared with the pre- 
. As a consequence of Eq. 
For head-on colli~ions in the high velocity limit, this expression gives a result which is TI/4 times the true impulse limit,
:since the PTA gives a tinle dependent force which varies too was chosen rather arbitrarily, since no previously determined
potential~ exist for the energies employed in these experiments.
The potential with the smaller pre-exponential factor was 6hosen tb provide contrast. A perus~l of Table 1 shows that the results calculated for the two potentials by the same method do not differ appreciably except at the smallest angle.
This result is not too surprising, since it haS long been known that the pre-exponential factor does not affect the energy transferred in a head-on collision at all. It app~ars that if vibrational inelasticity is ever to be used to determine the pre-exponential part of intermolecular potentials, ~ccurate measurements of the inelasticity at angles near gOo must be made.
Aside from the fact that the PTA: underestimates the inelastiCity at 180°, the three methods of calculating the ... The hard sphere approximation fails at all energies, the conventional classical approximation fails at high energies, while the refined impulse approximation is reasonably accurate at all energies.
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